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ABSTRACT 
 
Fast urbanization and population and economic growth led to increased solid waste generation in Abu 
Dhabi in the last decades.  Abu Dhabi generates 5.8 kg of municipal waste per day per person. This is 
well above the world average of 1.2 kg per day per person.  Treatment and destination of the 
municipal solid waste is also problematic. Only 3.5% of the total municipal solid waste generation is 
recycled, and the remaining waste is disposed in landfills which are technically not adequate. In this 
context, sustainability indicators can play an important role in supporting decision makers in planning 
and managing the solid waste system. In this study, the waste management system in Abu Dhabi 
Emirate was analyzed through the implementation of a set of proposed sustainability indicators. The 
DSR Driving force–State–Response approach was used as the methodology to develop a framework 
for the context of Abu Dhabi. Twenty indicators, based on literature review and benchmarking, were 
divided into five categories: quantity & composition; environmental controls & resource management; 
construction & demolition waste; financial sustainability; and governances & policies. These indictors 
can be a baseline to assist decision makers to develop an integrated waste management system able to 
meet the high international standards and target in the field.  
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1. INTRODUCTION 
 
Cities fast urbanization attached with fast economic growth and community life style have increased  
the generation of solid waste and its management became a major challenge worldwide (Al-Khatib, 
Monou et al. 2010). Agenda 21 in the Rio UN Conference in 1992 stated that a framework for the 
solid waste management sector should be concentrate  on four key areas: minimizing waste 
generation; maximizing environmentally sound systems for waste reuse and recycling; promoting 
environmentally sound waste disposal and treatment; and extending the waste services coverage (UN 
1992). In 2010 the UN-HABITAT published the “Third Global Report on Water and Sanitation in the 
World’s Cities”. This report established one of the first sustainability solid waste indictors on a city 
scale. In this report, eight indicators have been developed, and used to evaluate the performance of 
twenty reference cities. These indicators are considered drivers for the modernization of the solid 
waste management systems, potentially leading to improving public health, reducing impacts to the 
environment and increasing recovery of materials through prevention, recycling or separate organics 
management (UN-HABITAT 2010). This paper studies the solid waste management practices in Abu 
Dhabi Emirate. Its main aim is to test a set of sustainability indicators, based on a DSR approach, to 
characterise the current context of Abu Dhabi’s solid waste sector, and to provide indication of 
necessary responses, and also a means for monitoring progress.  
 
2. SOLID WASTE MANAGEMENT IN ABU DHABI 
 
Abu Dhabi Emirate has one of the highest solid waste generations in the world. This situation is 
mainly due to the intensive building construction in the last decades.  Abu Dhabi Emirate generates 
daily an average of 33,247 tonnes of solid waste. Abu Dhabi generates 5.8 kg of municipal waste per 
day per person. Abu Dhabi’s waste production is higher than the OECD average, which is 2.2 
kg/person/day, and even higher than the world’s average of 1.2 kg /person /day (Hoornweg and 
Bhada-Tata 2012). Municipal solid waste definition includes the following (EA 2011): household 
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waste, commercial waste, animal slaughterhouse wastes, organic waste that is generated by gardening 
and forestry activities in public parks and litter from public areas and manual street sweepings 
including emptying of public waste baskets. 24% of the total waste generated is recycled, being the 
majority related to waste from construction and demolition. On the other hand, only 1% of municipal 
solid waste is recycled. About 75% of the total waste and 96.5 % of the municipal waste goes to 
landfills with slight or no sorting mechanisms. The exiting landfills are poorly designed and operated 
(SCAD 2012). Landfills in Abu Dhabi Emirate are unlined, and there are no controls of greenhouses 
emissions. Al Dhafra, the largest landfill, serves a vast region in the Emirate and receives 81% of the 
total waste generated. It is below international standards and is operating over its designed capacity. 
Previously the area of the landfill was used as a burning site for waste,  and the liquid wastes disposed 
with solid wastes has impacted the groundwater, which lies close to the original ground level (EAD 
2010).  
 
3. METHODOLOGY 
 
There are several approaches and frameworks to evaluate urban solid waste sustainable development 
(Niemeijer and de Groot 2008; Wilson, Rodic et al. 2012).   This study has adopted the DSR (Driving 
force, State, and Response) framework. This methodology provides decision makers with a tool to 
track the path of the problem, starting from case, effects and how can the city respond.  Since 
indicators are mainly built to help decision makers, it is very important to establish the linkage and 
casualty among indicators, which can be serviced by using the DSR framework. In this research, a 
comprehensive understanding of each indicator must be taken, as well as their interrelations. This 
framework was selected as the research method not only to be used to assess conditions, but also to 
monitor change, and to provide indication of potential responses to mitigate or solve identified issues. 
Initially, primary lists of indicators were identified from the literature review. The list of pre-selected 
indicators from the literature review was then filtered, based on the relevance and viability of the 
indicators to the specific context of Abu Dhabi. Different scales are developed in order to measure 
sustainability level in compliance with each indicator. The scale was defined by benchmarking each 
indicator in relation to performance of the indicator in different countries. 
 
DSR framework for waste management in Abu Dhabi, the Driving force (D) are related to factors that 
cause or magnify waste management problems identified in Abu Dhabi, such as population and 
economic growth, increased consumption patterns, and intensive building construction. The states (S) 
characterise the current context of waste management in Abu Dhabi. In general, the states indicate 
problems, such as the very high rate of solid waste generation per capita, the occurrence of illegal 
dumping, the use of technically inadequate landfills, the low level of waste recycling, and the high rate 
of generation of construction and demolition waste. The responses (R) list actions that can be taken in 
order to reduce the pressures or to improve the states. They include environmental controls, financial 
and economic initiatives, and policies. Figure 1 presents the proposed DSR for Abu Dhabi’s waste 
management sector, indicating the interrelations between the elements. 
 
4. INTERPRETATION OF THE RESULT  
 
The framework that proposed in this study classified the indicators in to five categories, which are: 
Quantity & Characterisation, Environmental control & Resource management, Construction and 
Demolition waste, financial sustainability, and the final category is   Governances & Policies, to cover 
all sustainable waste management issues in Abu Dhabi Emirate. Table 1 illustrates the development 
index for Abu Dhabi Emirate.  
 
4.1Generations of Solid waste 
Comparing the waste generation form Abu Dhabi Emirate to the high income country range it is 
significantly high. The range of high income country is between 0.7 to 14 kg/capita/ day (Hoornweg 
and Bhada-Tata 2012). While the solid waste generated kg per capita in Abu Dhabi Emirate was 15.7 
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in 2012(AlJeetawi 2013 ); these number is excluded the waste generated from oil and gas companies 
in the Emirate.  
 
4.2Generations of municipal solid waste 
 Although the government stakeholders, refer the high rate of total waste generation in Abu Dhabi to 
the construction and demolition activities, but even the Municipal waste generation pet capita in Abu 
Dhabi is significant high compare to others city and countries. Abu Dhabi generated 5.8 kg / day 
(AlJeetawi 2013 ). According to the World Bank report (2012), the high income countries generation 
rate between 4.5-11 Kg/day/ Capita. 
 
4.3Generation of hazardous solid waste 
The amount of hazardous solid waste in Abu Dhabi Emirate is small compare it to other cities, these is 
excluded the oil and gas industries.  However, Abu Dhabi started recently to generate Nuclear energy; 
as a result there will be amount radioactive waste that must be taken in to the account. 
 
4.4Stream of solid waste generation 
 Construction & Demolition sector is the largest waste stream, contributing of 49.4% of total waste 
generated by the city, while the Municipal waste is the second and contributed 33%, Agriculture and 
green area contributes of 6.4%, commercial and industrial sectors contributed of 6.3%. So the majority 
stream of solid waste in the Emirate is construction and demolition, as well municipal waste, which 
requires an action to be taken on, from the policy maker in the area. 
 
4.5 Stream of municipal solid waste 
Abu Dhabi Emirate similar to the most of the cities in the area, have a majority of organics waste 
stream as illustrated in Table 2 the organic fraction is 39% which is higher than the high income 
countries average. 
 
Table 1 Composition of Municipal Waste by income level, Source: Abstracted from (Hoornweg and 
Bhada-Tata 2012; SCAD 2012) 
Income Level Organic 
(%) 
Paper 
(%) 
Plastic 
(%) 
Glass 
(%) 
Metal 
(%) 
Other (%) 
Low income 64 5 8 3 3 17 
High income 28 31 11 7 6 17 
Abu Dhabi  39 25 19 4 3 10 
Food waste is the largest waste stream in low income cities, the main reason is consuming the fresh 
vegetable and fruits, which result to more waste (Suzuki, Dastur et al. 2010). In Abu Dhabi Emirate, 
the reason of high fraction of the organic waste generation is different slightly; the cultural behaviour 
of consuming & preparing large quantities of food especially for guests.  However, since it easy to 
manage the organic waste compare to other steam. This will give the Abu Dhabi good opportunity to 
enhance the amount of the disposal waste effortlessly.   
 
4.6 Solid waste captured by the system 
The indicator showing that, 80% of the total solid waste has been captured by the government, and 
20% has been dumped illegally in the desert, this will request argent action from stakeholders to stop 
illegal dumping to protect the environment. However in all of high income UN -Habitat reference 
cities the percentage is 100%, Table 3 illustrates the waste disposal by income level. 
 
Table 2 Waste disposal by income level, Source (EA 2011)& (Wilson, Rodic et al. 2012). 
Income level State of the art – thermal 
treatment 
State of the 
art– landfill  
Disposal at simple 
controlled sites 
Disposal at open dumps, 
illegal dumping 
Low income 0 29 23 49 
High income 25 75 0 0 
Abu Dhabi  0 0 80 20 
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Table 3 Proposed Abu Dhabi’s solid waste sustainability index 
Sustainability indicators Unit DSR Scale 
Max        Min 
Abu Dhabi Data Abu Dhabi 
Score 
References 
Solid Waste Quantity & Stream        
Total annual volume of waste generated by the city. Kg/ Capita/ Day D 14 0.7 15.7 
 
(Hoornweg and Bhada-Tata 2012) 
Total municipal waste generated by the city. Kg/ Capita/ Day D 4.5 1.1 5.8 
 
(Hoornweg and Bhada-Tata 
2012)UN-HABITAT (2010) 
Total hazardous waste generated by the city. Tonnes/ Day D - - 33,390 
 
 
Stream of solid waste: Percentage of composition of   total solid waste. % S - - C&D 50%, MW 33%, 
Com.6.3%, Green 6.4% 
- (Moussiopoulos, Achillas et al. 
2010) 
Stream of municipal solid waste: Percentage of Composition of 
municipal solid waste. 
% S Organic 20-50 
Paper 15-40,  
Organic 39%, Paper 25, Glass 
4%, Metals 3%, Plastic 19% 
- (Hoornweg and Bhada-Tata 2012), 
Suzuki (2010) 
Environmental control & Resource management        
Waste Captured by the system: Percentage of the solid waste that go 
into the formal waste management system. 
% S 100 - 80% 
 
(UN-HABITAT 2010) 
Percentage disposal in landfills or controlled disposal sites of total waste 
generated (exclude C&D). 
% S   96.5% 
 
 
Recycling &Composting:  Percentage of total waste which is recycled 
(exclude C&D).  
% S - 50 8 %, 2.6%  
 
(UN-HABITAT 2010) 
Landfills condition: Specification of current Landfill by meeting the 
international standards. 
Score S 10  3 
 
 
Energy generation by treated waste: Percentage of energy generated form 
waste management system either from landfill or incineration. 
% S/R   0 
 
(Coelho, Lange et al. 2012) 
Collection Coverage: Percentage of population who has access to waste 
collection & street sweeping services. 
% S/R 100  100 
 
(UN-HABITAT 2010) 
Collection route and frequency. daily/ weekly S - - Usually Daily 
 
(Suzuki, Dastur et al. 2010) 
Construction  & Demolition waste        
Recycling:  percentage of total  C&D waste which is recycled % S/R 70 -           28.3% 
 
(ISWA 2012) 
Percentage of total Contractors paying for waste collection & disposal 
services. 
% S/R 100  - -  
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Sustainability indicators Unit DSR Scale 
Max              Min 
Abu Dhabi Data Abu Dhabi 
Score 
References 
Affordability &Financial sustainability        
Solid Waste  budget per Capita per year ( collected and disposed cost) $/Capita/ year S 75 1.4  193  (UN-HABITAT 2010) 
City SW budget per capita as % of GDP capita (%) %/Capita/ year S 0.5 0.3  0.4  (UN-HABITAT 2010),ISWA2012  
(Wilson, Rodic et al. 2012) 
Tariff: Percentage of total households paying direct or indirect for waste 
collection / disposal services. 
% S/R 100   0   
Governances & Policies 
Waste collection and disposal policy: Measure of a city’s efforts to improve 
or sustain its waste collection and disposal system to minimise the 
environmental impact of waste. 
Score R 10 0  4  Asian Green Index 2011, (UN-
HABITAT 2010)  
Waste recycling and re-use policy: Measure of a city’s efforts to reduce, 
recycle and re-use waste. 
Score R 10 0  4  Asian Green Index 2011,  EU Green 
Index 2009 
Public participation: Proportion of individuals who volunteer for a group or 
organization as a measure of local community strength and the willingness of 
residents to engage in activities for which they are not remunerated.  
Score R 10 0  2  (UN-HABITAT 2010),  
(Wilson, Rodic et al. 2012) 
 
 
 
Figure 1 DSR for Abu Dhabi’s waste management 
Driving force:  
•Solid waste generation 
States: 
•Stream of waste 
•%Waste captured by the system 
•Landfills condition 
•%Collection Coverage 
•%Energy generation 
•%Waste  budget & tariff 
Responses: 
•Waste collection and disposal policy 
•Waste recycling and re-use policy 
•Public participation 
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4.6Landfill disposal 
The indicators is measured the disposal waste in landfill or controlled disposal sites  as percentage of 
total waste generated; 96.5% of total municipal waste generated is waste in landfill in the Emirate 
while in UN- Habitat 20 cities, the high income cities the average for both landfill and thermal 
treatment in about 46% of total waste. Dispose the Municipal waste in landfill as unsorted waste is 
serious concerns which need fast and effective action; however according to (Kader 2011) until now 
Abu Dhabi Emirate has lost 1800 hectares of land  as a landfill. It is big mistake to select landfill as 
the first solution to waste disposal, landfill is supposed to be the last alternative, reduce, reuse recycle 
and reconvert the energy  then the landfill must be the final disposal alternative.  
 
4.7Landfills condition  
Abu Dhabi Emirate has poorly designed & operated landfills. To assess the landfill condition, 
availability of keys items has been selected which are: Leachate control, Landfill Gases control, Noise 
control, Odour monitor, these items have been selected based on US Environmental Protection 
Agency (EPA) manual. Furthermore the availability of sorting mechanism added to the scoring list. 
Sine availability of sorting mechanism, gases and leachate controls are the main concern, more weigh 
have been given to these items. Based on all of these Abu Dhabi’s performance is scored 3 out of 10. 
4.8 Recycling &Composting 
The  percentage of total waste which is recycled & composted is only about  3.5%, this number is 
exclude C&D waste (SCAD 2012) which extremely poor,   the fraction of this present in 2.6% 
composted and  0.9 % recycled. While compared to the high income cities in UN-Habitat is significant 
low. The average of percentage of recycling in high income cities is 54 %.  Improve the poor recycling 
practice in Abu Dhabi is priority issue, the recycling waste can be as an alternative to landfill disposal 
but at beginning it is necessary to build and create recycling infrastructure. 
 
4.9 Energy Generations  
Even there are no energy generation from the waste in the Emirate either from landfill or incineration. 
It is useful to keep this indicator for the future of the clean energy in the Emirate and reduce the 
amount of GHG emission from landfills.  
 
4.10 Collection Coverage 
 In Abu Dhabi Emirate, the waste collection services are extremely good and 100 % of population 
receiving in daily basis a high quality waste collection and street sweeper services, anyway the high 
standards of cleaning and waste collection services are consistent of the socio-economic position of 
the Emirate. 
 
4.11 Collection route and frequency  
The solid waste collects usually in daily base, in some area (CBD) twice a day.  Swap the waste 
collection frequency to weekly or twice a week, might assist achieving economic shipment and less 
environmental impact from energy consuming and greenhouses emission, moreover reduce the 
collection cost, traffic and noise pollution. However, change the collection frequency needs more 
analysis in citizen behaviour and waste generation amount. The local family in Abu Dhabi consists of 
a  large number of member; with  average of 7 people per family (DED 2010). As a result the waste 
generation per household is large; furthermore the consumption pattern of the local families is really 
high which case high waste generation per day. So before change the frequency of collection of waste 
in the area it is important to enhance the family consuming behaviour to reduce the amount of the 
waste. 
  
4.12 Construction and Demolition waste 
Construction and demolition (C&D) is the largest contributed of solid waste in Abu Dhabi Emirate, 
only 28.3% of C&D waste is recycled while EU Directive 2008/98/EC on waste recycling and 
recovery target “70% preparing for re-use, recycling and other recovery of construction and 
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demolition waste”(European Commission 2012).To reduces the waste generation by this sector Centre 
of Waste Management in Abu Dhabi (CWM) has been recently started implementation of the C&D 
waste reduction strategy. For contractors who generating more than 250 tonnes of waste progress 
report must be submit. According to the CWM (2013), the report will illustrates the  action plan of 
waste management in site, waste reduce and recycle plan, the report will be audited  environmental 
consultant from Abu Dhabi environmental Agency (EAD) and failing in implement and report correct 
waste management programs may lead to penalties. Since dumping construction and demolition waste 
at a large number of locations both at landfills and illegal dumps major problem. It is important to 
measure the percentage of contractors who pay for waste collection and disposal services.  According 
to Centre of Waste Management in Abu Dhabi (CWM) it will start collection fees from all contracts 
and firms which renew their licences after March 16, 2013, must register with the centre for its tariff 
regime and get a no-objection certificate.  
 
4.13Solid Waste budget 
 In Abu Dhabi Emirate the waste disposal & recycling operation cost  about US$ 409  million
1
 a year  
(Kader 2011), on per capita 193 US$/capita / year.  The total waste collection budget includes the 
infrastructure about US$ 185 million per year on per tonnes based US$175 per tonnes, considering the 
low labour cost and fuel cost in Abu Dhabi, it will be difficult to make the comparison, however 
according to the World Bank report (2012), the high income countries spend between US$ 85-250 in 
collection municipal solid waste, which represent less than 10% of the total budget and the largest 
amount of budget expenditure in disposal. According to SWA solid waste management guideline 
(2012) the range of spending in solid waste management must be between 0.3%-0.5% of GDP/capita 
(ISWA 2012), Abu Dhabi Emirate GDP per capita  is very high, which about US$49,600 and solid 
waste budget 193 US$/capita /year, city solid waste budget per capita as percentage of GDP about 0.4 
% which within the guideline range. 
 
4.14Waste policy 
Waste collection and disposal policy indicator provide a clear image of government mechanism to 
manage waste and achieve sustainability. In Abu Dhabi Emirate there are no legislations to enhance 
citizens waste generation pattern, there are no legislations relating to the recycling and there are no 
penalties paid due to illegal dumping of waste. Dumping waste at many locations in Emirate is series 
problem, 20% of total waste disposed illegal in Abu Dhabi Emirate, policy should be established. To 
assess waste collection & disposal policy, existing and implementation of key policies has evaluated, 
which are: waste collection policies, waste disposal policies, penalty paid due to illegal dumping of 
waste.  In case of waste reduction policies, Abu Dhabi government has been long aware of waste 
generation problem and they are struggling to reduce the amount of waste generation, tens of policy 
and laws were created, the last one is Decree of the Executive Council No. (2c24/2009), on waste 
collection fees from the commercial and industrial sectors, but the problem is missing the complete 
framework and the enforcement to apply this legislation.  Abu Dhabi performance scored 4 out of 10 
in both indicators. 
  
4.15 Public participation 
The indicator developed to measure the percentage of  all public stakeholder in their including in 
decision  making  and implementation of solid waste management,  in Abu Dhabi there are no clear 
policy  to join public and no government organization in waste management system,  in fact public are 
not really care about the solid waste crises. Community behaviour is a concern issue, focusing on 
promoting and encouraging local societies is extremely important.  To measure public participation 
main key issue has been evaluated which are: legislation and practical mechanisms promotes public 
participation in the decision making; campaigns that aim to involve the pubic and public satisfaction 
about waste management services. Abu Dhabi performance scored 2 out of 10. Overall, more waste 
means more disposing facilities and more cost for management. The random elimination of solid 
                                                 
1 Convert based on 1US$ =3.7 AED 
SB13 Dubai Paper - 138 
 
waste might lost an economic value, In addition to the accompanying negative effects on the 
environment and health, furthermore, waste generation direct linked with traffic problem, air and 
water pollution. The indicators that have been developed are a good start to assess city performance, 
but to achieve sustainability, stakeholders must work together.  
 
6. CONCLUSIONS  
 
This paper proposed a solid waste index to assess sustainability of Abu Dhabi Emirate. It discussed the 
solid waste management practice, and compared the city’s performance to the world cities. The solid 
waste index seeks to understand and derive knowledge in a given local environment. The major goal 
of indicators is to assess sustainable development of the city’s solid waste. The figures provided 
through developed indicators can be a powerful tool to assess, the current performance, the trend of it 
performance. One of the most challenging aim is to be exam the reliability of developed indicators, to 
be successful in their role, indicators must be meet the following criteria : relevant and able to monitor 
progress towards objectives, simple to understand, trust the information that provide, easy to access 
and provide timely information, easy to measure and finally, represent all concerns issues, among the 
environmental, social and economic aspect of sustainability (Brandon and Lombardi 2011). 
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